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(57) Abstract 

This mvemicn is an exceptionally flexible, ultrasoft vaso-occlusive or embolism forming device. It is made of radiooaaue 
material which may be a braid (200), coil (100), or chain (600) which forms a long, thin thread-like device having little rigidity or 
column strength. The d.ameter of the devtce may be less than about 0.010 inches. The filamentary material makfng up the device 

den.lv fWki he T ??,: bra,d (2 ?’. 0r , Cha ' n (600) 1S WicaHy of a diameter less than about 0.002 inches. The device is s U ffi- 
ciently flexible and small that it may be hydraulically delivered to a site within the vasculature of the human bodv using an inject- 
ed drug or fluid flush through a catheter (512). In some configurations, the device may be delivered using pushers (504 512) to 
mechanically deliver the device through the catheter lumen. Various mechanical connections mav be used to sever the coil bv a 
simple connection of a dissimilar metal to allow electrolytic separation upon application of smail voltage is desirable (Figs 5A, 
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or with fibrous thrombotic attachments or as a substrate 
to localize the subsequent infusion of tissue adhesives, 
particulate embolization devices, or chemotherapeutic 
agents in abnormal blood vessels and tissues. The device 
5 may be used for the temporary occlusion of blood vessels 
during types of diminished blood flow testing. The 
invention also includes processes for introducing the 
devices into the human body. 

10 BACKGROUND OF THE INVENTION 

Endovascular therapy has been used in treating 
a variety of different conditions, including control of 
internal bleeding, occlusion of blood supply to tumors, 
and relief of vessel wall pressure in the region of 
15 aneurysm. A variety of different embolic agents are 
known as arguably suitable for such therapy. 

One known embolic agent includes injectable 
fluids or suspensions, such as microfibrillar collagen, 
various polymeric beads, and polyvinyl alcohol foam. The 
20 polymeric agents may be additionally crosslinked, 

sometimes in vivo, to extend the persistence of the agent 
at the desired vascular site. These agents are often 
introduced into the vasculature through a catheter. 

After such introduction, materials there form a solid 
25 space-filling mass. Although they provide good short- 
term vaso-occlusion, they are ultimately reabsorbed in 
the process of vessel recanalization. 

Polymer resins, typically cyanoacrylates, are 
also employed as injectable vaso-occlusive materials. The 
30 resins are typically mixed with a radio-opaque contrast 
material or made radiopaque by the addition of tantalum 
powder. Their use is fraught with problems in that 
placement of the mixture is quite difficult. Inadvertent 
embolisms in normal., vasculature (due to the inability of 
35 controlling the destination of the pre-gelled resins) is 
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Ritchart et al. teaches a coil which is fairly soft and 
is delivered to the site using a pusher within a catheter 
lumen. The Ritchart et al. coils are typically pushed 
into the desired vascular site in a linear configuration. 

5 Upon discharge from the catheter , the coil may undertake 
any of a number of random or regular configurations 
designed to fill the site. The coils are used for small 
vessel sites, e.g., 0.5-6 mm in diameter. The coils 
themselves are said to be between 0.010 and 0.030 inches 
10 in diameter. The length of the coiled wire is typically 
15-20 times the diameter of the vessel to be occluded. 

The wire used to make up the coils may be 0.002 to 0.006 
inches in diameter. Tungsten, platinum, and gold threads 
or wires are said to be preferred. These coils have a 
15 variety of benefits, including the fact that they are 
relatively permanent, they can be easily imaged 
radiographically, they may be located at a well-defined 
vessel site, and they can be retrieved. 

A variation of the mechanical endovascular coil 
20 is the electrolytically detached endovascular coil 

described in U.S. Patent 5,122,132, to Guglielmi et al. 
Guglielmi 's coils are typically used in intracranial 
aneurysms because of their effectiveness in quickly 
forming controlled emboli. The disclosed coils are 
25 similar to those of Ritchart et al. in size and in 

composition. However, the method of introducing the coil 
to the vascular site is somewhat different. Rather than 
mechanically thrusting the coil into the chosen site, the 
coil is placed at the site and a small voltage is applied 
30 . to the guidewire supporting the coil so that the coil is 
electrolytically detached from the distal tip of the 
guidewire. The step of electrolytically detaching the 
coil has the added benefit of forming a thrombus as the 
coil is detached. Again, as noted above, the Guglielmi 
35 coils may be stainless steel or platinum or the like, and 
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selected vascular site, when introduced into a high flow 
region, the mass quickly compacts into a significantly 
denser mass. The device, whether coil, braid, or chain, 
may be used in conjunction with larger coils, braids, or 
5 chains to achieve a denser occlusion or as a s ub strate to 
localize the subsequent infusion of tissue adhesives, 
particulate embolization devices, or chemotherapeutic 
agents in abnormal blood vessels and tissues, or for the 
temporary occlusion of blood vessels during types of 
10 diminished blood flow testing. The device may be coated 
with thrombotic or therapeutic materials or used in 
conjunction with fibrous embolic additions to the device. 
The invention also include processes for introducing the 
devices into the human body. 

15 This invention' is also a method for first 

introducing a larger vaso-occlusive device, such as a 
coil, to the vascular site desired by the attending 
physician, followed by the introduction of the inventive . 
device so as to fill the interstices left by the larger 
20 coils and thereby form a denser occlusion. The devices 
may also be introduced by themselves, if so desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A shows an enlarged side view of a coil 
25 made according to this invention. 

Figure IB shows an enlarged side view of a 
double helix coil made according to the invention. 

Figure 2 shows an enlarged side view of a braid 
made according to this invention. 

50 . Figure 3 shows an enlarged side view of a 

combination coil and braid made according to this 
invention. 

Figure 4 is a close-up drawing of a variation 
of the Figure 3 device in which a braided material is 
35 woven on the outside of the coil. 
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devices of this size to simply cut the ceil ends and not 
use a terminator (108) . 

In producing the coil, the coil-manufacturing 
method is adjusted to produce a single-layer coil 
5 typically with a minimum helical pitch, that is to say, 
the windings are fairly closely packed. Typically, the 
mandrel will be of such a diameter that the outside coil 
diameter (106) will be less than 0.010 inches, preferably 
0.0014 to 0.0095 inches, more preferably between 0.004 
10 and 0.0095 inches, and most preferably between 0.004 and 
0.0075 inches. The soft, flexible coil thus produced is 
cut to desired lengths after removal from the mandrel. 

We have found that the device is especially suitable for 
the noted service when the device (coil, braid, or 
15 combination) deflects more than about 20° (preferably 

more than about 35°) under its own weight over the first 
centimeter of length, when supported at a single end. 

The length of the coil may be between 2 mm and 120 cm, 
typically between 30 cm and 120 cm. 

20 Instead of the filament shown in Figures 1A and 

IB, the coil may be produced from a ribbon whose major 
is between 0.001 and 0.002 inches and whose minor 
axis is 0.0004 and 0.001 inches. Coils produced from 
ribbons are often moderately stiffer than those produced 
2 ^ from similarly sized filaments. Smaller diameter coils 
are often more readily produced. 

The regularity of winding shown in Figure 1A is 
not mandatory; the windings may be irregular or of 
varying pitch. The coil (100) shown in Figure 1A and IB 
(and the variations of the invention which are described 
below) may be produced from any of a number of different 
materials. Some portion of the material must be 
radiopaque so that the coil and its position may be 
readily monitored within the human vasculature. Suitable 
materials include biocompatible metals, polymers , and 



35 
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discussed elsewhere in this document. The double helix 
coils in which the second coil is a material or synthetic 
fiber, typically requires some modest heat treatment 
after winding to set the fiber in the form of its 
metallic spring colleague. For Dacron or silk, this may 
be done by steaming the wound spring at reasonably low 
temperatures, e.g., 300*F or so, to form the fiber 
without fusing it. 

Figure 2 shows a braided (or otherwise) woven 
vaso-occlusive device (200) made according to the 
invention. The braided occlusive device (200) is tubular 
and produced by weaving fibers or wires over a mandrel 
much in the same way the coil of Figure 1 was made. 

Woven braids of this size are not common but are made 
according to known techniques. The wire or fibers in 
this variation of the invention may be any of the 
radiopaque or polymeric materials noted above, and 
additionally the braid may be made of a combination of 
those materials either alone or in combination with other 
20 suitable polymeric or filamentary materials such as 

Dacron, cotton, or other materials. Organic fibers such 
as silk, Dacron, or cotton provide a ready substrate for 
clot formation in the interior region of a vessel. Often 
the radiopaque portion of the coil provides only a way to 
25 anchor the coil onto the vessel wall at the site of 
release. 

The Figure 2 braid or woven device (200) is of 
a diameter (204) similar to the coil (106) in Figure l. 

The braid may have a termination piece or section (204) 

30 similar in constitution to the analogous portion shown in 
Figure 1 above. The length of the braid may similarly be 
2 mm to 120 cm. 

Figure 3 shows a side view of a combination 
coil/braid vaso-occlusive device according to the 
invention. This combination is a sequence of coils (302) 
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guide wire (504) is tapered at its distal end to a point 
(508) within coil (506). Guide wire (504) may be joined 
at one or more locations, e.g., joint (510) at the distal 
end or joint (512) proximal of the distal end. These 
5 joints (510) and (512) may be made by soldering or the 
like. 

Figure 5B shows a similar coil guide wire 
assembly (502) in which a similar guide wire (516) is 
introduced actually axially within coil (506) . The guide 
10 wire (516) , in this variation, tapers quickly to a very 

fine wire portion of (518). The most distal portion of a 
fine wire (518) is joined with coil (506) at junction of 
(520). Preferably a second joint (522) is made at the 
proximal end of fine wire (518) . This variation of the 
15 invention permits substantially greater flexibility than 
the variation shown in Figure 5A, at least for the region 
distal of joint (522). However, the safety factor 
inherent in having two joints fixing the guide wire or 
core wire (516) remain in existence. 

20 Because of the significant lack of column 

strength the coils used and portrayed in Figures 5A and 
5B, it may be desirable in some instances to introduce 
the coil not only using respectively guide wires (504) in 
Figure 5A and guide wire (516) in Figure 5B as pushers, 

25 but also to move these. coils along through the lumen of 
the catheter using an ancillary saline hydraulic push. 

The coils of (506) are detached from the respective guide 
wires (504) and (516) by imposition of a direct current 
to the guide wires from a power supply exterior to the 
30 body. The current flow from the coils of (506) within 
the vasculature site causes a thrombus to form by 
electrothrombosis. Typically, a DC electric current of 
approximately 0.01 to 2 milliamps at 0.1 to 12 volts as 
applied to the guide wire. The thrombus forms often 
35 within three to five minutes after the imposition of such 
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filaments (602) such as Dacron, cotton, or other 
materials tied to the chain. Organic fibers such as 
silk. Dacron, or cotton provide a ready substrate for 
clot formation in the interior region of a vessel. The 
5 Figure 6B fibers (602) are looped from spot to spot on 
the chain. 

Figure 6C shows a side view of a chain (600) as 
shown in Figure 6A but having polymeric filaments (604) 
such as discussed above tied to the chain in a brush- like 
10 fashion. 

Each of the variations discussed above, when 
provided in the proper size range and materials, is an 
extremely soft and flexible device, whether the device be 
coil or braid or chain. These devices exert little if 
15 any radial force on the blood vessels into which they are 
placed. They are sufficiently flexible and small that 
they may be carried by blood flow after ejection from the 
distal tip of the catheter by which they are introduced 
to a narrowing region in the vascular lumen where the 
20 device wedges or rolls upon itself and wedges within the 
blood vessel. The fluid-like properties of the device 
enables it to conform to the complex geometry of certain 
fragile, abnormal blood vessels, and in so doing, 
minimize the risk of causing trauma to or even 
25 perforation of those blood vessels. Such flow properties 
also enable placement of the inventive device at sites in 
the vasculature currently unreachable by catheterization, 
such as those within an arteriovenous malformation (AVM) . 

Although the device is very flexible in all of 
3° its configurations, it may be produced having a modest 
amount of "preform." By "preform" is meant the practice 
found in Ritchart et al. discussed above, where the coil 
is bent or crimped in such a way that it assumes a 
nonlinear shape only after it exits the catheter lumen 
but passes through the lumen with ease. Such a treatment 
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IZiTltT additional randoaness when ^ i S 

its intended site within the vasculature 

da1 . . FlgUre 7 shows a setu P for hydraulically 

s sit. iTthT d ' Vie “ ° f thl * inV * ntio " to » vascular 
Site. In this instance, the devices - coils ar. 

depicted - are held in an introducer sheath ( 702 , and 

delivered through a catheter ,712, to the desired si« 

"ltd t* * Syri " 9 * ' 7M >' ““taining a suthle 

10 (vt'i, Pr “ 1Ml " d <70S, ° £ “* iottoducer sheath 
(702, as conneoted to the fluid-containing syringe. The 

s a end (708, of the introducer sheath ( 707 , j s 

introduced to the catheter side.™ accessory to" The 

oCorr^ 11 ‘ 71J ’ h “ b *“ previously 
15 The olt ^ “ “ d oth “ ^ior constrictions. 

. Plunger on syringe (704, is sinply pushed down, and 
device within introducer sheath ( 702 ) is carri ' * 
through catheter ,712, to the injection site. After tf 
ev ce j injected to the desired site, additional 

10 .h«T (702, ^i^e^m^ intr ° dUC * r 

catheter 

sit - - — -troductLV:; 5 ;:/ 12 - 

inventive device, win tend to fill th.^nterst ca 'left 

- ■— * - *-* zjt 

30 < 820 , to ,^7::: 

pusher. This arrangement uses a catheter ( 812 ) 

=,» tsrs.-- 

.. — -r-r- 
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^*^^® wire (822) in this variation is shown both 
extending distally out of the catheter (812) and 
proximally out of the catheter fitting. A torque device 
(824) for steering the guide wire or core wire (822) may 
5 also be seen. Core wire (822) is in turn attached to 
power supply (826) at its positive terminal. The 
negative terminal of power supply (826) is in turn 
attached to a pad (828) which is applied to the skin to 
provide a complete circuit to the power supply. The 
10 current flows through guide wire (822) to the junction 
between guide wire (822) and coil (820) (explained in 
more detail with regards to Figures 5A and 5B above) 
through the thrombus or blood, through the skin back to 
the pad (828) , and then to the power supply. This is 
15 used both to create thrombi and to electrolytically sever 
coil (820) from core wire (822) . 

Additionally, these processes may include the 
step of introducing polymer resins, such as cyanoacrylate 
resins (particularly n-butylcyanoacrylate) to the 
20 intended site after the inventive coils, braids, and 
chains are in place. Said another way, the inventive 
devices form a substrate for these tissue adhesives, or 
P ar ti cu late embolization materials such as microparticles 
of polyvinyl alcohol foam, or various chemotherapeutic 
25 agents. The catheters suitable for use in introducing 

these devices are discussed in significant detail in U.s. 
Patent 4,994,069, to Ritchart et al., as was discussed 
above . 



EXAMPLE 

This example demonstrates the significant 
difference between a preferred embodiment of this 
inventive coil and similar commercial coils of the type 
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discussed in Ritchart at al. The example shows h 

Bore ~ coil t hL 

Three coils were measured. Coil a 
M d * *“=tdin, to th. invention. Coil. B sna c‘ * 
commercially availahl. fro. Target Th.rap.utL 
Incorporated for a variety of uses Th„ „ 
descriptions are as follows. ’ U * Sbysieal 




to introducer, a tapered length of tubino 
tsvin, an inside diameter of 0.010 inches, wL taL t 
an angle to.pl.te tahen from an optical do. ! 
respective coil, were placed within ^“.Tand 1 '” 

1° “ t * nd tTam th * tip or the introducer at 
various lengths. The coils were extended , 

beyond. The introducer was held level ,„d Ih “ m ' 1 

between th. tip of th. introducer Zl the .„Tcf“!h 

:Li::rr ,s * - - C;irj l* cou 

extending from the introducer. Th. results of the . r 
»r. shown in Table II below snd in Figur . 6 . 
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0.75 



33.5 



26.5 



The depicted data for the inventive Coil A and 
the Coil C are averages of a number of measurements of 
similar coils. 

The relationship between the extension of the 
coils and their resulting deflection in degrees is shown 
in Figure 6. It is readily observed that, at a 10 mm 
extension, the angle of deflection for the inventive coil 
is about 50°. For the other coils, the deflection is 
typically only about 10% of that value. Consequently, it 
may be understood that the bending radius of the 
inventive coil is much smaller, the force needed to bend 
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the coil is significantly smaller and eorsa 

coil will move thrn..«h * ' and Rseque ntiy the 

-k— . -rr ~ ir - 

than would bo observed by the — 

Many alterations and modificatinne - . 

by th0 “ -* ordinary .till i» to. “ "’7 be 

tro. the spirit .n d scope of 

1 lustrated embodiments have been shown only for 

“ Clarit1 ' and Should not L takan 

uniting tha invention as defined by the followi 

u\tr“r nciu ‘ e ■* --r or 
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WE CLAIM AS OUR INVENTION: 

1. A flexible, vaso-occlusive device 
comprising a coil having an outside diameter less than 
5 about 0.010 inches, which is sufficiently flexible that a 
one centimeter length of the coil supported horizontally 
at one end will deflect more than about 20° under its own 
weight. 

10 2. The device of claim 1 comprising silver, 

gold, palladium, platinum, tungsten, iridium, stainless 
steel, or alloys thereof. 

3. The device of claim 2 comprising an alloy 

15 of platinum and tungsten: 

4. The device of claim 1 comprising a 
biocompatible polymer. 

20 5. The device of claim 4 where the 

biocompatible polymer is filled with a radiopaque 
material . 

6. The device of claim 4 additionally 

25 comprising a radiopaque marker. 

7. The device of claim 1 where the coil is 
regularly wound . 

30 8. The device of claim 1 where the coil is 

not regularly wound. 

9. The device of claim 1 where the outside 
diameter is between 0.0014 inches but less than about 
0.0095 inches. 
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10. The device of claim 9 
diameter is between 0.004 inches but 
0.0095 inches. 



where the outside 
less than about 



10 



15 



20 



. 11 ; d * vi “ <* 10 where the outside 

diameter is between 0.004 end 0.0075 inches. 

12. The device of claim i where the coil 

~ V **«-. • *U— t With . diameter of 
less than about 0.0025 inches. 

13. The device of olein 12 where the ^ 

comprises e filament having a diameter of h»t„ 

..s . * “J-ameuer of between 0.00045 

and less than 0.00225 inches. 

14. The device of claim 13 where the coil 
mprises a filament having a di am eter of h 

and 0.002 inches. between 0.0005 

15. The device of claim 14 where the coil 



25 



30 



ribbon n f 6 ' Th * d ‘ ViC * ° f ° Ui * 2 where coil comprises 
ribbon having a major axis of o.ooi to 0.002 inches and ! 

minor axis of 0.0005 to 0.001 inches. 

d „, , ” ' The d,vi “ ot clmlm 1 where the device 

fleets more than about 35* under its own weight when a 
on. centimeter length of th. coil i. supported 
horizontally at one end. 



18. The device of claim 
the device is between 2 mm and 120 



1 where the length of 
cm. 
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19. The device of claim 13 where the length of 
the device is between 30 cm and 120 cm. 

20. The device of claim 1 having a preformed 

5 shape . 



10 



21. The device of claim 2 additionally 
comprising means for electrolytically detaching the 
device from insertion means. 

22. A radiopaque, flexible, vaso-occlusive 
device comprising a platinum braid having an outside 
diameter less than about 0.010 inches. 



23. The device of claim 22 where the device 
comprises an alloy of platinum and tungsten. 



20 



24. The device of claim 22 where the outside 
diameter is 0.0014 inches to about 0.0095 inches. 

25. The device of claim 24 where the outside 
diameter is 0.004 inches to about 0.0095 inches. 



26. The device of claim 25 where the outside 
25 diameter is 0.004 to about 0.0075 inches. 



30 



27. The device of claim 22 where the braid 
comprises wire having a diameter of less than about 
0.0025 inches. 



28. The device of claim 27 where the braid 
comprises wire having a diameter between 0.00045 and less 
than 0.00225 inches. 
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eowi • 29 ‘ ThS deViCe ° f Claia 28 where the braid 

:°::n:: h :: r * h * vi - * — « — ••«>» 



10 



15 



,. u . u , 30 ‘ The d ‘ Vio « ° f cl “i» 29 where th. braid 

comprises wire having . diameter of about 0.001 inches. 

braid and ° ‘ ^ ” °°" Prisi '” b ° th a 

32 . The device of claim 22 where the braid 
comprise, ribbon having a major amis between 0.001 and 

inches and a minor amis is 0.0005 and 0.001 inches, 

bene ” ' Tl>e d * Vi “' ° £ Clai " 22 Where the device 

bends more than about 20- when on. cm of the device is 
held in a horizontal position. 



34 . The device of claim 33 where th. device 
h.Td i”° r V h<m "* ~ “ ° £ «>e device i, 

held in a horizontal position. 

th. „. • The deVi “ ° f =lai " 22 “her. the length of 

the device is between 2 hud and 120 cm. 

25 

th. „ , The d * ViC * 01 clai " 25 where the length of 

the device is between 30 cm and 120 cm. 

37 * A flexible, vaso-occlusive device 
■comprising a chain having an outside diameter less than 
about 0.010 inches. 



38 . The device of claim 37 comprising silver 

go , palladium, platinum, tungsten, iridium, stainless’ 
steel, or alloys thereof. 



35 




wo 94/10936 



PCT/US93/0991 4 



-24- 

39. The device of claim 38 comprising an alloy 
of platinum and tungsten. 

40. The device of claim 37 comprising a 
5 biocompatible polymer. 



10 



41. The device of claim 40 where the 
biocompatible polymer is filled with a radiopaque 
material. 



42. The device of claim 40 additionally 
comprising a radiopaque marker. 



37. The device of claim 1 where the outside 
diameter is between 0.0014 inches but less than about 
0.0095 inches. 



38. The device of claim 37 where the outside 
diameter is between 0.004 inches but less than about 
20 0.0095 inches. 



39. The device of claim 38 where the outside 
diameter is between 0.004 and 0.0075 inches. 

40. The device of claim 37 where the chain 
comprises a filament having a filament with a diameter of 
less than about 0.0025 inches. 

41. The device of claim 40 where the chain 
comprises a filament having a diameter of between 0.00045 
and less than 0.00225 inches. 

42. The device of claim 41 where the chain 
comprises a filament having a diameter of between 0.0005 
and 0.002 inches. 
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43 * The device of claim 42 where the • 

P ses a filament having a diameter k. f 

and 0.002 inches. ter of betw een 0.0005 



10 



15 



20 



25 



30 



44 . The device of claim 38 where the • 
comprises ribbon having a major axis of 0.001 to 0T02 
nch.s and a minor axis of 0.0005 to 0.001 inches.' 

. „ . 45 - The deviM <* claim 07 where the device 

deflects more than about 20 • under its own weicht vh 

~.rr:.‘rr - — *■ -= ' 

47 . The device of claim 46 where the t 
the device is between so cm and 120 cm. ^ ° f 

flexible. "so-L^ f ' 

or chain having an outside diameter less ch^n^h^r braid ’ 
inches into a human body compriaing the steps 0/“ °'° l ° 

advancing a catheter having a lumen and a diet., „ . 
the human vasculature until the distal end reaches” ^ 

Twilit v vasculature, introducing the 

lexible, vaso-occlusive device through the catheter 
lumen and out the catheter distal end, releasing” . 
flexible vasoocclusive device. 

49 . The process of claim 48 additionallv 
comprising the step of hydraulically impelling the d • 
cut the catheter distal end. 9 th * devlc * 
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50. The process of claim 48 where the step of 
releasing the device is electrolytic. 

51. The process of claim 48 additionally 

5 comprising the prior step of introducing a one or more 
vaso-occlusive coils, braids, or chains having a larger 
diameter to said selected vascular site. 

52. The process of claim 48 additionally 

10 comprising the step of introducing tissue adhesives or 
particulate embolization materials comprising 
microparticles of polyvinyl alcohol foam or 
chemotherapeutic agents to said selected vascular site. 

15 53. The process of claim 52 where the tissue 

adhesive is a cyanoacrylate resin. 

54. The process of claim 53 where the 
cyanoacrylate resin is n-butylcyanoacrylate. 

20 55. The process of claim 48 where the device 

comprises a coil, a braided tube, a combination braid and 
coil, or a chain. 

56. The process of claim 55 where the device 

25 is a regularly wound coil. 

57. The process of claim 55 where the device 
is a coil which is not regularly wound. 

30 58. The process of claim 55 where the devices 

have outer surfaces and additionally comprise filamentary 
material attached to the outer surfaces. 
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59 * The Process of claia 48 vhe-e the * • 

outside diaaeter i* „ -ne^e the device 

“ eter is between 0.0014 ineh» c -i 
about 0.0095 inches. t leSS than 

5 60. The process of claia 59 where the * 

outside diameter is between 0.004 and 0.0075 inches. “* 

10 0.0025 inches. l6SS than about 



15 



20 



62. The process of claia 61 where the device 

171 hiVi " 5 * *>««« 0-000,5 

and less than 0.00225 inches. 

enffl . 63 * Th * process of claia 62 where the device 

an/::::: zz? having • di “«“ - *•*«■» o.ooo 5 

64. The process of claia 63 where the 

oX 1 ::://""* having * ai “ atar - — «.«.?- 



25 



30 



35 



„„ . 65 ' Th ’ proo..* Of claim ,s where the device 

r::: h :: bbo : having a Mj ° r axis o.»i 

- inches and a miner aria is 0.0005 and 0.001 inches. 

«6. The process of claim 45 where th. device 

hands more than about so* under its own waioht a,. 

cm of the device is held , s . 9 * When °"“ 

is held an a horizontal position. 

be nri 6? ’ Pr ° CeSS of cla i® *6 where the device 

:::: iz\ th ‘ n about ”■ und * r ita o ™ *•*** «»*> 

aaV1Ca 15 h * la i" o horizontal position. 
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68. The process of claim 48 where the length 
of the device is between 2 mm and 120 cm. 

69. The process of claim 68 where the length 
of the device is between 30 cm and 120 cm. 
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FIG. 5A 




FIG. 5B 



SUBSTITUTE SHEET (RULE 26) 
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FIG. 6C 



SUBSTITUTE SHEET (RULE 26) 
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